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(57) ABSTRACT 
In some example embodiments, a method of organizing an 
address mapping table of a flash storage device based on 
Logical Block Address (LBA) size may comprise: identify 
ing an extent of correlation between the LBA and flash page 
sizes, wherein the extent of correlation indicates greater or 
lesser extent; computing a total number of entries in each 
meta page of the table; and/or organizing the table with the 
total number of entries. In some example embodiments, a 
method of organizing an address mapping table of a flash 
storage device based on LBA size may comprise: determin 
ing flash page size of the flash storage device; determining 
the LBA size; and/or comparing the flash page and LBA 
sizes. When the flash page size is greater, the table may be 
organized based on flash page size. When the flash page size 
is less, the table may be organized based on LBA size. 

20 Claims, 9 Drawing Sheets 

    

  

  

  

  

  



US 9,600,209 B2 
Page 2 

(56) References Cited 

U.S. PATENT DOCUMENTS 

2013,0246732 A1 9/2013 Seng et al. 
2013/027571.6 A1 10, 2013 Nishida 
2015,0106556 A1* 4, 2015 Yu ........................ G11C 16,349 

T11 103 
2015.0143038 A1* 5, 2015 ASnaashari ......... G06F 12fO246 

T11 103 
2016.0117112 A1* 4, 2016 Tomlin ................ G06F 12fO284 

T11 103 

* cited by examiner 



U.S. Patent Mar. 21, 2017. Sheet 1 of 9 US 9,600,209 B2 

FIG. 1 

FSSHSRA. E. E.E.E. 8: 

FSH 
ER 
8. 

S3R.E. 
8. 

XPRT.or: PUT 
NEEREACE to DATA PAH 

88 

  



U.S. Patent Mar. 21, 2017. Sheet 2 of 9 US 9,600,209 B2 

FIG. 2 
8: 

"logical stock 
AEERESS 

  



U.S. Patent Mar. 21, 2017. Sheet 3 of 9 US 9,600,209 B2 

XX-X-2......X+as 

Y.Y--Y--......Y-his 

Z.Z.--Z+2...... 

  



U.S. Patent Mar. 21, 2017. Sheet 4 of 9 US 9,600,209 B2 

FIG. 4 

idesatiring the extext of correstios: he see: 3.8 size 3 axi 8. 
$85 page size 

$84. 
Xiaixtaisixge3.c. eBary is the 38siress Biagging table 

Beter Britisagxietier eachestry is: 3dsiress 8:3ppisag take is 8. 
Britaixed based 33:8, size or flash page size or 3 is tier 

3. size 

----a S. a 8 {Coapsting the stairs Exter of Extries its each Extet: page 

-------- . -------- (- - -d-. --- :38 Caicosiasting 33xber of Beta pages required to stereasisiress 
23 apgiata be estries 

e 482 :Bocating Ee:Ery to store the caicisixteia:3Either fixsets 
3 ge:S 

38 

  

  



U.S. Patent Mar. 21, 2017 Sheet 5 Of 9 US 9,600,209 B2 

FIGS 

S8. 
seceiving a sequestier a iiata site speratist 

s 3 - 8. 

3aditig the address 333 ppi.Eg table & Edities tiii.g. the 
physica page 3 catix: where data car etterei 

S: 
Enteritag data is castis: 8ts physica pages 

S88 
Updating the address Rapping take 

  



U.S. Patent Mar. 21, 2017. Sheet 6 of 9 US 9,600,209 B2 

FIG. 6 

Receivisig a request for a data read operati:3E 

Toading the address mapping table and identifying the T iss 
pisical page Batist where data is preseat 3sed 8E the 

eities is the 3ddess. Bispiisg.tate 

88: 
Carpisting Bumber 8 frate a pages to access for retrieving 

the regEested data 

8: 
SeBdis3g the cats to the tist six tie I. itterface 

88: 

    

  

    

  

  



U.S. Patent Mar. 21, 2017 Sheet 7 of 9 US 9,600,209 B2 

FIG 7 

E.8gica:833-rk 
idings 3 

sppy form 
31 F: 

8. 
FPS3 

  

  

  



U.S. Patent Mar. 21, 2017. Sheet 8 of 9 US 9,600,209 B2 

Fig.8 
site pe:83rgiaxe ixiprex exte: 

write performance 
its p388 extest 

  



U.S. Patent Mar. 21, 2017. Sheet 9 of 9 US 9,600,209 B2 

FIG 9 

Enix'88ce imprises at for aeta ikks 

cocco. 
  



US 9,600,209 B2 
1. 

FLASH STORAGE DEVICES AND METHODS 
FOR ORGANIZING ADDRESS MAIPPING 
TABLES IN FLASH STORAGE DEVICES 

CROSS-REFERENCE TO RELATED 
APPLICATION(S) 

This application claims priority from Indian Application 
No. 344.9/CHF/2013, entitled “A Method of Organizing an 
Address Mapping Table in a Flash Storage Device' filed on 
Jun. 12, 2014, in the Indian Patent Office (IPO), the entire 
contents of which are incorporated herein by reference. 

BACKGROUND 

1. Field 
Example embodiments may relate generally to flash Stor 

age devices. Example embodiments may relate generally to 
methods and systems of organizing address mapping tables 
based on Logical Block Address (LBA) sizes. 

2. Description of Related Art 
Flash storage devices may be deployed as data storage 

devices for electronic devices like personal digital assistants 
(PDAs), Moving Picture Experts Group (MPEG)-1 or 
MPEG-2 Audio Layer III (MP3) players, cameras, video 
games, robots, and the like due to their non-volatile nature, 
faster access speeds, form factor, low power consumption, 
and the like. The flash storage devices may generally be 
manufactured using two different logical technologies, 
namely Not OR (NOR) flash storage and Not AND 
(NAND) flash storage. NOR-based flash storage may be 
commonly used in the Basic Input/Output System (BIOS) 
programs which run at start up on computing devices. The 
NAND-based flash storage device may be less expensive 
than NOR-based flash storage device, and the NAND-based 
flash storage devices may be capable of read and write 
operations sequentially at high speed. Further, due to lower 
cost and higher storage capacity, the NAND flash storage 
devices may be commonly used in Universal Serial Bus 
(USB) flash drives, digital cameras, audio and video players, 
and television (TV) set-top boxes. 
NAND-based flash storage devices may use an interme 

diate Flash Translation Layer (FTL) to communicate 
between the file system on the host and the flash storage 
devices. Conventional FTLs may use different approaches 
like page-level mapping, block-level mapping, and hybrid 
mapping for mapping a logical page to a corresponding 
physical NAND-based flash page. In the block-level map 
ping, the FTL may map each Logical Block Number (LBN) 
to a Physical Block Number (PBN) in a block mapping 
table. An update to a page in the block mapping table may 
lead to erasure of the block containing the corresponding 
page. Hence, use of the block-level mapping may lead to 
poor performance, especially during extensive write opera 
tions. In page-level mapping, the FTL may map each Logi 
cal Page Number (LPN) to a Physical Page Number (PPN) 
in a page mapping table (PMT). The page-level mapping 
techniques may allow data to be written to any free page of 
the flash storage device. Unlike the block-level mapping, 
which may require constant block erasure, the page-level 
mapping may allow random write access operations without 
frequent block erasures. 

Although page-level mapping techniques may provide 
several advantages in comparison to conventional mapping 
techniques like block-level mapping techniques, page-level 
mapping techniques may require a significant amount of 
memory to store the page mapping table. The allocation of 
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2 
excessive memory for the page mapping table may not be 
viable with the increasing cost-to-performance nature of the 
flash storage devices. 

SUMMARY 

Some example embodiments may provide methods and 
systems to organize address mapping tables in flash storage 
devices based on Logical Block Address (LBA) sizes. 
Some example embodiments may optimize the perfor 

mance of NAND-based flash storage devices based on the 
extent of correlation between LBA sizes and NAND page 
sizes. 
Some example embodiments may increase the cache hit 

ratio and endurance of the flash storage device. 
In some example embodiments, a method of organizing 

an address mapping table of a flash storage device based on 
a Logical Block Address (LBA) size may comprise: identi 
fying an extent of correlation between the LBA size and a 
flash page size, wherein the extent of correlation indicates 
one of greater extent and lesser extent; computing a total 
number of entries in each meta page of the address mapping 
table; and/or organizing the address mapping table with the 
computed total number of entries in each meta page of the 
address mapping table. 

In some example embodiments, the computing of the total 
number of entries in each meta page of the address mapping 
table may comprise: calculating an extent value between the 
LBA size and the flash page size, wherein the extent value 
indicates one of a number of times the LBA size is greater 
than the flash page size and a number of times the LBA size 
is less than the flash page size; determining whether each of 
the entries in the address mapping table is maintained based 
on one of the LBA size and the flash page size; and/or 
computing the total number of entries in each meta page 
based on one of the page size and a size of each entry in the 
meta page in response to determining that each of the entries 
in the address mapping table is maintained based on one of 
the LBA size and the flash page size. 

In some example embodiments, the organizing of the 
address mapping table with the computed total number of 
entries in each the meta page of the address mapping table 
may comprise: calculating a number of meta pages required 
to store the entries in the address mapping table based on the 
computed total number of entries in each meta page; and/or 
allocating memory to store the calculated number of meta 
pageS. 

In some example embodiments, data of the LBA size may 
be stored contiguously in the meta pages. 

In some example embodiments, the method may further 
comprise: maintaining each entry in the address mapping 
table representing data of the LBA size based on the corre 
lation. 

In some example embodiments, the method may further 
comprise: accessing the organized address mapping table by 
one of input operation and output operation. 

In some example embodiments, the accessing of the 
organized address mapping table by one of the input opera 
tion and output operation may comprise: identifying an entry 
representing data associated with one of the input operation 
and output operation, wherein the entry is identified among 
the number of entries; and/or computing a number of pages 
to access the databased on a size of each entry in the address 
mapping table and the flash page size. 

In some example embodiments, a flash storage device for 
organizing an address mapping table based on a Logical 
Block Address (LBA) size may comprise: a plurality of flash 
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arrays that store data; and/or a controller configured to: 
identify an extent of correlation between the LBA size and 
a flash page size, wherein the extent of correlation indicates 
one of greater extent and lesser extent; compute a total 
number of entries in each meta page of the address mapping 
table; and/or organize the address mapping table with the 
computed total number of the entries in each meta page of 
the address mapping table. 

In some example embodiments, the controller may be 
further configured to compute the total number of entries in 
each meta page of the address mapping table LBA size by: 
calculating an extent value between the LBA size and the 
flash page size, wherein the extent value indicates one of a 
number of times the LBA size is greater than the flash page 
size and a number of times the LBA size is less than the flash 
page size; determining whether each of the entries in the 
address mapping table is maintained based on one of the 
LBA size and the flash page size; and/or computing the total 
number of entries in each meta page based on one of the 
page size and a size of each of the entries in the meta page 
in response to determining that each of the entries in the 
address mapping table is maintained based on one of the 
LBA size and the flash page size. 

In some example embodiments, the controller may be 
further configured to organize the address mapping table 
with the computed total number of entries in each meta page 
of the address mapping table by: calculating a number of 
meta pages required to store the entries in the address 
mapping table based on the computed total number of 
entries in each meta page; and/or allocating memory to store 
the calculated number of meta pages. 

In some example embodiments, data of the LBA size may 
be stored contiguously in the meta pages. 

In some example embodiments, the controller may be 
further configured to maintain each entry in the address 
mapping table representing data of the LBA size based on 
the correlation. 

In some example embodiments, the controller may be 
further configured to: access the organized address mapping 
table by one of input operation and output operation. 

In some example embodiments, the controller may be 
further configured to access the organized address mapping 
table by one of the input operation and output operation by: 
identifying an entry representing data associated with one of 
the input operation and output operation, wherein the entry 
is identified among the number of entries; and/or computing 
a number of pages to access the databased on a size of each 
entry in the address mapping table and the flash page size. 

In some example embodiments, a method of organizing 
an address mapping table of a flash storage device based on 
a Logical Block Address (LBA) size may comprise: deter 
mining a flash page size of the flash storage device; deter 
mining the LBA size; and/or comparing the flash page size 
to the LBA size. When the flash page size is greater than the 
LBA size, the address mapping table may be organized 
based on the flash page size. When the flash page size is less 
than the LBA size, the address mapping table may be 
organized based on the LBA size. 

In some example embodiments, data in groups of the LBA 
size may be stored contiguously in meta pages of the address 
mapping table. 

In some example embodiments, the method may further 
comprise: accessing the organized address mapping table by 
input operation. 

In Some example embodiments, the accessing of the 
organized address mapping table by the input operation may 
comprise: identifying an entry representing data associated 
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4 
with the input operation. The entry may be identified among 
a number of entries in the address mapping table. 

In some example embodiments, the accessing of the 
organized address mapping table by the input operation may 
further comprise: computing a number of pages to access the 
databased on a size of the entries in the address mapping 
table and the flash page size. 

In some example embodiments, the method may further 
comprise: accessing the organized address mapping table by 
output operation. 

In some example embodiments, the accessing of the 
organized address mapping table by the output operation 
may comprise: identifying an entry representing data asso 
ciated with the output operation. The entry may be identified 
among a number of entries in the address mapping table. 

In some example embodiments, the accessing of the 
organized address mapping table by the output operation 
may further comprise: computing a number of pages to 
access the databased on a size of the entries in the address 
mapping table and the flash page size. 

In some example embodiments, the flash page size may be 
2 kilobytes (2 KB), 4 KB, 8 KB, or 16 KB. 

In some example embodiments, the LBA size may be 4 
kilobytes (4 KB), 8 KB, 16 KB, 32 KB, or 64 KB. 

In some example embodiments, the comparing of the 
flash page size to the LBA size may comprise: determining 
a ratio of the LBA size to the flash page size. 

In some example embodiments, a ratio of the LBA size to 
the flash page size may be 2:1. 

In some example embodiments, a ratio of the LBA size to 
the flash page size may be 4:1. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and/or other aspects and advantages will 
become more apparent and more readily appreciated from 
the following detailed description of example embodiments, 
taken in conjunction with the accompanying drawings, in 
which: 

FIG. 1 illustrates an overview of a system according to 
Some example embodiments; 

FIG. 2 illustrates a schematic diagram of a Logical Block 
Address (LBA) according to Some example embodiments; 

FIG. 3 illustrates a schematic diagram of an address 
mapping table according to some example embodiments; 

FIG. 4 is a flow diagram illustrating a method of orga 
nizing the address mapping table according to Some example 
embodiments; 

FIG. 5 is a flow diagram illustrating a method of writing 
data in the flash storage device using the address mapping 
table according to Some example embodiments; 

FIG. 6 is flow chart illustrating a method of reading data 
from the flash storage device using the address mapping 
table according to Some example embodiments; 

FIG. 7 illustrates a schematic diagram of an input/output 
operation being processed according to some example 
embodiments; 

FIG. 8 is a graph showing the improvement in the write 
operation of the flash storage device over page level map 
ping techniques according to Some example embodiments; 
and 

FIG. 9 is a graph showing improvement in the endurance 
of the flash storage device over page level mapping tech 
niques according to Some example embodiments. 

DETAILED DESCRIPTION 

Example embodiments will now be described more fully 
with reference to the accompanying drawings. Embodi 
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ments, however, may be embodied in many different forms 
and should not be construed as being limited to the embodi 
ments set forth herein. Rather, these example embodiments 
are provided so that this disclosure will be thorough and 
complete, and will fully convey the scope to those skilled in 
the art. In the drawings, the thicknesses of layers and regions 
may be exaggerated for clarity. 

It will be understood that when an element is referred to 
as being “on,” “connected to,” “electrically connected to,” or 
“coupled to’ to another component, it may be directly on, 
connected to, electrically connected to, or coupled to the 
other component or intervening components may be present. 
In contrast, when a component is referred to as being 
“directly on,” “directly connected to,” “directly electrically 
connected to,” or “directly coupled to another component, 
there are no intervening components present. As used herein, 
the term “and/or includes any and all combinations of one 
or more of the associated listed items. 

It will be understood that although the terms first, second, 
third, etc., may be used herein to describe various elements, 
components, regions, layers, and/or sections, these elements, 
components, regions, layers, and/or sections should not be 
limited by these terms. These terms are only used to distin 
guish one element, component, region, layer, and/or section 
from another element, component, region, layer, and/or 
section. For example, a first element, component, region, 
layer, and/or section could be termed a second element, 
component, region, layer, and/or section without departing 
from the teachings of example embodiments. 

Spatially relative terms, such as “beneath.” “below.” 
“lower,” “above,” “upper,” and the like may be used herein 
for ease of description to describe the relationship of one 
component and/or feature to another component and/or 
feature, or other component(s) and/or feature(s), as illus 
trated in the drawings. It will be understood that the spatially 
relative terms are intended to encompass different orienta 
tions of the device in use or operation in addition to the 
orientation depicted in the figures. 
The terminology used herein is for the purpose of describ 

ing particular example embodiments only and is not 
intended to be limiting of example embodiments. As used 
herein, the singular forms “a,” “an, and “the are intended 
to include the plural forms as well, unless the context clearly 
indicates otherwise. It will be further understood that the 
terms “comprises,” “comprising,” “includes, and/or 
“including,” when used in this specification, specify the 
presence of stated features, integers, steps, operations, ele 
ments, and/or components, but do not preclude the presence 
or addition of one or more other features, integers, steps, 
operations, elements, components, and/or groups thereof. 

Example embodiments may be described herein with 
reference to cross-sectional illustrations that are schematic 
illustrations of idealized example embodiments (and inter 
mediate structures). As such, variations from the shapes of 
the illustrations as a result, for example, of manufacturing 
techniques and/or tolerances, are to be expected. Thus, 
example embodiments should not be construed as limited to 
the particular shapes of regions illustrated herein but are to 
include deviations in shapes that result, for example, from 
manufacturing. For example, an implanted region illustrated 
as a rectangle will typically have rounded or curved features 
and/or a gradient of implant concentration at its edges rather 
than a binary change from implanted to non-implanted 
region. Likewise, a buried region formed by implantation 
may result in some implantation in the region between the 
buried region and the Surface through which the implanta 
tion takes place. Thus, the regions illustrated in the figures 
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6 
are schematic in nature, their shapes are not intended to 
illustrate the actual shape of a region of a device, and their 
shapes are not intended to limit the scope of the example 
embodiments. 

Unless otherwise defined, all terms (including technical 
and Scientific terms) used herein have the same meaning as 
commonly understood by one of ordinary skill in the art to 
which example embodiments belong. It will be further 
understood that terms, such as those defined in commonly 
used dictionaries, should be interpreted as having a meaning 
that is consistent with their meaning in the context of the 
relevant art and should not be interpreted in an idealized or 
overly formal sense unless expressly so defined herein. 

Although corresponding plan views and/or perspective 
views of some cross-sectional view(s) may not be shown, 
the cross-sectional view(s) of device structures illustrated 
herein provide support for a plurality of device structures 
that extend along two different directions as would be 
illustrated in a plan view, and/or in three different directions 
as would be illustrated in a perspective view. The two 
different directions may or may not be orthogonal to each 
other. The three different directions may include a third 
direction that may be orthogonal to the two different direc 
tions. The plurality of device structures may be integrated in 
a same electronic device. For example, when a device 
structure (e.g., a memory cell structure or a transistor 
structure) is illustrated in a cross-sectional view, an elec 
tronic device may include a plurality of the device structures 
(e.g., memory cell structures or transistor structures), as 
would be illustrated by a plan view of the electronic device. 
The plurality of device structures may be arranged in an 
array and/or in a two-dimensional pattern. 

Reference will now be made to example embodiments, 
which are illustrated in the accompanying drawings, 
wherein like reference numerals may refer to like compo 
nents throughout. 
The embodiments disclosed here provide a method of 

organizing an address mapping table of a flash storage 
device based on a Logical Block Address (LBA) size. The 
method includes identifying the extent of correlation 
between the LBA size and a flash page size. The method 
includes calculating an extent value between the LBA size 
and the flash page size. The extent value indicates the 
relationship between the LBA size and the flash page size. 
The extent value indicates if the LBA size is greater than the 
flash page size or if the LBA size is less than the flash page 
size. The method includes determining if the entries in the 
address mapping table are based on LBA size or flash page 
size. The method includes computing the total number of 
entries in each meta page based on one of the page size and 
size of each entry. The method includes organizing the 
address mapping table with the computed total number of 
entries in each meta page of the address mapping table. 

FIG. 1 illustrates an overview of a system, according to 
some example embodiments. The flash storage device 100 
comprises a controller 102, an input/output (I/O) interface 
104, a data path 106, a NAND-based flash memory 108, a 
Flash Transition Layer (FTL) 110, and a host 112. The host 
112 communicates with the flash storage device 100 using 
the input/output interface 104. The NAND-based flash 
memory 108 comprises of plurality of NAND flash arrays 
for storing data. 
The controller 102 communicates with a software-based 

FTL 110 for communication with the NAND-based flash 
memory 108. The FTL 110 presents the NAND flash pages 
in the form of LBA arrays to the host 112. For example, the 
FTL 110 can be a driver that works in conjunction with an 
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existing operating system (or, in some embedded applica 
tions, as the operating system) to make linear flash memory 
appear to the system like a disk drive. 
The NAND flash arrays can be combined to form blocks, 

with each block including a plurality of pages. Examples of 
commonly used NAND-based flash page sizes can include, 
but are not limited to 2 kilobytes (2 KB), 4 KB, 8 KB, 16 
KB, and the like. The NAND-based flash memory 108 has 
a fixed number of blocks and each block can include a 
maximum of 256 pages. The controller 102 maintains an 
address mapping table (not shown in FIG. 1) using the FTL 
110. The address mapping table allows the controller 102 to 
translate the Logical Block Addresses (LBAs) from the host 
112 into physical page addresses (PPAs) in the physical 
NAND-based flash memory 108. This mapping information 
is maintained in the address mapping table. 
The data on each physical flash page includes a corre 

sponding entry in the address mapping table. The number of 
entries is based on the entry size and the flash page size. For 
example, if each entry in the address mapping table takes 4 
bytes and the flash page size is 8 KB, then 2048 entries can 
be stored in the flash page size. The flash pages storing data 
about the entries in the address mapping table may be 
referred to as “meta pages'. The address mapping table is 
stored in the random-access memory (RAM) of the flash 
storage device 100 for speed of access. When the flash 
storage device 100 powers up, the address mapping table is 
read from the last saved version and reconstructed into the 
RAM of the flash storage device. In some example embodi 
ments, part of the entries of the address mapping table is 
maintained in an on-flash static random-access memory 
(SRAM)-based cache and the remaining entries are main 
tained in the meta pages. The data path 106 is used for 
communicating the input/output operation between the 
NAND-based flash memory 108 and the host 112. The data 
path 106 comprise of circuitry which allows switching 
between an input path and an output path based on the 
input/output operation. 
The host 112 can send the LBA size to be used by the 

controller 102 using the input/output interface 104. Based on 
the received LBA size, the controller 102 can be configured 
to instruct the FTL 110 to format the NAND-based flash 
memory 108. The host 112 uses a Non-Volatile Memory 
Express (NVMe) to communicate with the flash storage 
device 100. The NVMe can be used to define a namespace 
range for the LBA size. Further, each namespace can have a 
different LBA size based on the usage of the namespace 
from the host 112. The namespace range allows the NVMe 
at the host 112 to format the NAND-based flash memory 108 
into logical blocks. A namespace of size n can be a 
collection of logical blocks with Logical Block Addresses 
from 0 to (n-1). For example, an LBA size of 16 KB is 
collection of Logical Block Addresses from 0 to 15. In 
conventional flash memories, the size of the LBA is defined 
without considering the flash page size. Examples of com 
monly used LBA sizes include 512 bytes, 4 KB, 8 KB, 32 
KB, and 64 KB. Some example embodiments of the meth 
ods may allow the host 112 to identify the extent of 
correlation between the LBA size and the NAND page size. 
The extent value can be calculated between the LBA size 
and the flash page size. The extent value provides a ratio 
between the LBA size and the flash page size. Further, based 
on the extent value, the host 112 determines the number of 
times the LBA size is greater than the flash page size or the 
number of times said LBA size is less than said flash page 
size. Based on the extent value the organization of the 
address mapping table can be modified. 
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Case 1–LBA Size Greater than Flash PageSize 
In case the LBA size is greater than the NAND page size, 

multiple physical pages can be mapped to a single logical 
block sent by the host 112. The extent value determines the 
number of pages which can be associated with a single LBA. 
The controller 102 can be configured to format the LBA size 
based on the determined extent value. Consider an example, 
when the LBA size is 64 KB and the flash page size is 16 
KB. The extent value 4 (64 KB/16 KB) can be used to define 
the number of pages, which can be associated with a single 
LBA size. 
The controller 102 can be configured to organize the 

address mapping table based on the number of entries in 
each flash page. The number of entries per page increases 
based on the extent value. For example, the number of 
entries in each flash page was 2048 then; the number of 
entries becomes 42048-8192 entries per page. The LBA 
size is formatted to include 64 KB of meta data. As more 
entries are associated with single LBA, the access of data 
through the address mapping table can be faster. The for 
matted LBA size allows more meta pages to be associated 
with a single LBA and each meta page store more entries. 
For example, 64 KB LBA size allows 64 KB of data to be 
associated with the single LBA. More details on the struc 
ture of the address mapping table and number of entries are 
explained in conjunction with FIG. 2 and FIG. 3. Since the 
overall meta data size and number of meta pages can be 
significantly reduced, the number of updates on the meta 
page reduces. Further, the write performance and endurance 
of the flash storage device 100 is improved. Experimental 
results highlighting the write performance and endurance of 
the flash storage device 100 are presented in FIG. 8 and FIG. 
9 of this document. 

Case 2 LBA Size Less than NAND Flash PageSize or 
“LBA Size=NAND Page Size” 

In case the LBA size is less than the NAND page size, the 
page mapping table is maintained based on the NAND page 
size. For example, if each entry takes 4 bytes, 2048 entries 
can be stored in a flash page of 8 KB. The controller 102 can 
be configured to maintain the address mapping table using 
the flash page size. 

It must be understood that the NAND-based flash memory 
108 is used as storage in the flash storage device 100. 

FIG. 2 illustrates a schematic diagram of a Logical Block 
Address (LBA), according to some example embodiments. 
The FIG. 2 shows the mapping of flash pages to the LBA, 
when the LBA size is greater than the flash page size. The 
LBA is arranged from 1 to N (shown in 202). Each LBA has 
a specific number of pages of associated with it. For 
example, the LBA 2 corresponds to pages X, X-1 ..., X--n. 
The pages as shown in 208 allow data to be written con 
tinuously over the pages X, X-1 . . . , X--n. Further, as the 
address mapping table is arranged based on the LBA size, 
the number of entries per page also increases. The number 
of entries per page increases from 2048 entries to n*2048 as 
shown in 206. The number n is the extent value calculated 
between the LBA size and the flash page size. 

FIG. 3 illustrates a schematic diagram of an address 
mapping table, according to Some example embodiments. 
The address mapping table is arranged based on the LBA 
size. Each LBA size has physical pages associated with it. 
The physical pages associated with each LBA size depends 
on the extent of correlation between the LBA size and the 
flash page size. The number of entries associated with single 
LBA size entry increases based on the extent of correlation 
and the calculated extent value. For example, the LBA size 
entry 0 corresponds to physical page numbers X, X-1, X-2, 
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X+3 . . . X+n. Each LBA entry has multiple consecutive 
pages associated with the LBA size. 

FIG. 4 is a flow diagram illustrating a method of orga 
nizing the address mapping table, according to some 
example embodiments. The various steps of the method 400 5 
are summarized into individual blocks where some of the 
steps can be performed by various modules of the flash 
storage device 100, the controller 102, and the like. The 
method 400 and other example embodiments described 
herein provide a basis for a control program, which can be 10 
implemented using a microcontroller, microprocessor, or an 
equivalent thereof. 

At step 402, the method 400 includes identifying the 
extent of correlation between LBA size and flash page size. 
The extent of correlation can be identified by calculating an 15 
extent value between the LBA size and the flash page size. 
Based on the LBA size sent by the host 112, the method 400 
allows the controller 102 to determine the extent of corre 
lation. The extent of correlation can identify a greater extent 
or a lesser extent. The greater extent corresponds to a 20 
scenario when the LBA size is greater than the flash page 
size. The lesser extent corresponds to a scenario when the 
LBA size is less than the flash page size. For example, when 
the LBA size is 16 KB and the flash page is 8 KB, the extent 
of correlation is given by 2. The LBA size is twice the size 25 
of the flash page size. Hence, each LBA size entry can be 
associated with 2 pages and 2*2048 entries. 

At step 404, the method 400 includes maintaining each 
entry in the address mapping table. The method 400 allows 
the controller 102 to maintain the address mapping table 30 
using the FTL 110. 

At step 406, the method 400 includes determining 
whether each entry in the address mapping table is main 
tained based on LBA size, flash page size, or any other size. 
The method 400 allows the controller 102 to identify the 35 
mapping technique used in the address mapping table. 
Further, the controller 102 can be configured to identify the 
type of mapping technique based on the flash page size and 
the LBA size. 

At step 408, the method includes computing the total 40 
number of entries in each meta page based on either the flash 
page size, the LBA size, or any other size. The number of 
entries can be calculated based on the address mapping 
table. In one scenario, if the address mapping table is 
arranged based on the flash page size, the number of entries 45 
can be calculated accordingly. In another scenario, if the 
address mapping table is arranged based on the LBA size, 
the number of entries can be calculated accordingly. 

At step 410, the method 400 includes calculating number 
of meta pages required to store address mapping table 50 
entries. Based on the calculated number of entries and the 
flash page size, the number of meta pages (flash pages 
storing mapping information) can be calculated by the 
controller 102. 

At step 412, the method 400 includes allocating memory 55 
to store the calculated number of meta pages. The method 
400 allows the controller 102 to allocate memory required 
for the calculated entries. As the number of entries associ 
ated with each LBA size entry is increased, the number of 
meta pages required to store the address mapping table is 60 
reduced. Hence the memory allocated to store the calculated 
entries is reduced by a factor of the extent of correlation 
between the LBA size and the flash page size. 

The various actions, acts, blocks, steps, and the like in 
method 400 may be performed in the order presented, in a 65 
different order, or simultaneously. Further, in some example 
embodiments, some actions, acts, blocks, steps, and the like 

10 
may be omitted, added, modified, skipped, and the like 
without departing from the scope of the invention. 

FIG. 5 is a flow diagram illustrating a method of writing 
data in the flash storage device using the address mapping 
table, according to some example embodiments. The various 
steps of the method 500 are summarized into individual 
blocks where some of the steps can be performed by various 
modules of the flash storage device 100, the controller 102. 
and the like. The method 500 and other example embodi 
ments described herein provide a basis for a control pro 
gram, which can be implemented using a microcontroller, 
microprocessor, or an equivalent thereof. 
At step 502, the method 500 includes receiving a request 

for a data write operation. The controller 102 receives the 
write operation request from the host 112. At step 504, the 
method 500 includes loading the address mapping table and 
identifying the physical page location where data can be 
entered. The method 500 allows the controller 102 to load 
the address mapping table to its cache memory for identi 
fying the physical pages where the data can be written. At 
step 506, the method 500 includes entering the data in 
continuous physical pages. In cases where the address 
mapping table is arranged based on the LBA size, data is 
written in consecutive physical pages and corresponding 
write operations are associated with the same LBA entry. At 
step 508, the method 500 includes updating the address 
mapping table. Based on the data entered corresponding 
meta data entry is created and updated in the address 
mapping table. 
The various actions, acts, blocks, steps, and the like in 

method 500 may be performed in the order presented, in a 
different order, or simultaneously. Further, in some example 
embodiments, some actions, acts, blocks, steps, and the like 
may be omitted, added, modified, skipped, and the like 
without departing from the scope of the invention. 

FIG. 6 is flow chart illustrating a method of reading data 
from the flash memory using the address mapping table, 
according to some example embodiments. The various steps 
of the method 600 are summarized into individual blocks 
where some of the steps can be performed by various 
modules of the flash storage device 100, the controller 102. 
and the like. The method 600 and other example embodi 
ments described herein provide a basis for a control pro 
gram, which can be implemented using a microcontroller, 
microprocessor, or an equivalent thereof. 
At step 602, the method 600 includes receiving a request 

for a data read operation. The controller 102 receives the 
read operation request from the host 112. At step 604, the 
method 600 includes loading the address mapping table and 
identifying the physical page location where data is present 
based on the entries in the address mapping table. The 
method 600 allows the controller 102 to load the address 
mapping table to its cache memory for identifying the 
physical pages from which data can be read. At step 606, the 
method 600 includes computing the number of meta pages 
to access for retrieving the requested data. If the address 
mapping table is arranged based on the LBA size, then the 
data is read from consecutive physical pages and corre 
sponding read operations are associated with the same LBA 
entry. Hence, the data can be retrieved at faster speeds. At 
step 608, the method 600 includes sending the data to the 
host 112 via the I/O interface. 
The various actions, acts, blocks, steps, and the like in 

method 600 may be performed in the order presented, in a 
different order, or simultaneously. Further, in some example 
embodiments, some actions, acts, blocks, steps, and the like 



US 9,600,209 B2 
11 

may be omitted, added, modified, skipped, and the like 
without departing from the scope of the invention. 

Although method 500 and 600 describe the write and read 
operations performed in the flash storage device 100, it must 
be understood that an erase operation can also be performed 
using steps described in method 500 and method 600. 

FIG. 7 illustrates a schematic diagram of the mapping 
process, according to Some example embodiments. When 
data from Logical Block Address entry 32 is required, the 
controller 102 can load the address mapping table in the 
cache memory. In the address mapping table, the LBA entry 
32 contains the page numbers 105, 106, 107, and 108, 
respectively. Each LBA entry has multiple pages of data 
associated with it and can be stored continuously over the 
associated pages. Further, accessing of data also becomes 
easier. 
Cache Hit Ratio 

In conventional address mapping tables, there is a latency 
caused by frequent page mapping table (PMT) updates 
resulting in multiple erases, which reduces the endurance of 
the flash storage device. 
Consider an example where, 
The data program time Tprog 
PMT update time-Tprog+Tread (1 page write+1 page read) 
The Cache hit ratio=Chit 
Write time TW=Tprog+(1-Chit)*(Tprog+Tread) 

Endurance is inversely proportional to the erase count, the 
number of hits. 

Further, the endurance is directly proportional to the 
number of entries in the PMT table and the cache hit ratio. 
The complete input/output operation cycle from the host 

112 to the flash storage device 100 increases due to format 
ted LBA size accommodating more entries. 
Calculation and Experimental Results 

For comparing the performance of a conventional page 
mapping table and the address mapping table of the example 
embodiments, the address mapping table of the example 
embodiments identifies the extent of correlation between the 
LBA size and NAND size to arrange the physical pages. 
Let T-3*T (industry standard) 
LBA size=n'NAND page size. 

Let's assume C, 0.2 (e.g., 30% cache hits occur for a 
particular work load). 

In conventional page mapping tables: 

T = 3: Toad + (1 - Chi)} (34 Toad + Toad) 
= (7-44. Chi) : Ted 

Endurance a Chi 

Endurance = k1 : Chit 

In the methods of the example embodiments, the number 
of entries per meta page is in times the number of entries in 
the conventional page mapping table. Hence, the cache hit 
ratio can be increased proportional to n. 

e.g., Chi (New method) = k : n : Chi 

T = 3: Toad + (1 - Chi)} (34. Tod + Toad) 
= (7 - 4: k : n : Chi) : Ted 

Endurance = k1 + k : n : Chi 

k is a proportional constant that varies with n. 
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k = 1 
k < 1 & k > 0.5 

if n = 1 
if n > 1 

The programming time to write (conventional method/ 
methods of the example embodiments) 

Programming time to write 

T (7 - 4: k : n : Chi) 
- T - (7-4, C.) 
Assume k = 0.7 

T (7-480.7 k n : 0.2) (7-0.56% n) 
- I -- 74,02 -- 6.2 

So write performance 

6.2 

T2 . (7 - 0.56 m) 
T 

FIG. 8 is a graph showing the improvement in the write 
operation of the flash storage device over page level map 
ping techniques, according to some example embodiments. 
The random write performance improved with increase in 
the LBA size. With increase in n, each meta page can store 
more number of entries and hence, a higher performance can 
be achieved. 

FIG. 9 is a graph showing improvement in the endurance 
of the flash storage device over page level mapping tech 
niques, according to some example embodiments. 
The endurance performance comparison is as below: 

Endurancemethod2) k1 : k : n : Chi 
- ... = k k n = 0.6 
Endurancemethod1) k1 : Chit ki ki 

The endurance of the flash storage device increased with 
increasing extent of correlation n between the LBA size 
and NAND size. The life time of the meta block/pages can 
be improved by improving the cache hit ratio. 
Some example embodiments disclosed herein can be 

implemented through at least one software program running 
on at least one hardware device and performing network 
management functions to control the elements. The elements 
shown in FIGS. 1, 2, and 6 include blocks which can be at 
least one of a hardware device, or a combination of hardware 
device(s) and software module(s). 
The algorithms discussed in this application (e.g., for 

organizing address mapping tables, for writing data, and for 
reading data) may be used in more general purpose appa 
ratuses and/or methods. For example, the algorithms may be 
used in apparatuses and methods for more general electrical 
or electronic systems (e.g., for organizing data, for writing 
data, and for reading data). 
The methods described above may be written as computer 

programs and can be implemented in general-use digital 
computers that execute the programs using a computer 
readable recording medium. In addition, a structure of data 
used in the methods may be recorded in a computer-readable 
recording medium in various ways. Examples of the com 
puter-readable recording medium include storage media 
Such as magnetic storage media (e.g., ROM (Read-Only 
Memory), RAM (Random-Access Memory), USB (Univer 
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sal Serial Bus), floppy disks, hard disks, etc.) and optical 
recording media (e.g., CD-ROMs (Compact Disc Read 
Only Memories) or DVDs (Digital Video Discs)). 

In addition, Some example embodiments may also be 
implemented through computer-readable code/instructions 
in?on a medium (e.g., a computer-readable medium) to 
control at least one processing element to implement some 
example embodiments. The medium may correspond to any 
medium/media permitting the storage and/or transmission of 
the computer-readable code. 

The computer-readable code may be recorded/transferred 
on a medium in a variety of ways, with examples of the 
medium including recording media, Such as magnetic Stor 
age media (e.g., ROM, floppy disks, hard disks, etc.) and 
optical recording media (e.g., CD-ROMs or DVDs), and 
transmission media Such as Internet transmission media. 
Thus, the medium may be such a defined and measurable 
structure including or carrying a signal or information, Such 
as a device carrying a bitstream according to Some example 
embodiments. The media may also be a distributed network, 
so that the computer-readable code is stored/transferred and 
executed in a distributed fashion. Furthermore, the process 
ing element could include a processor or a computer pro 
cessor, and processing elements may be distributed and/or 
included in a single device. 

In some example embodiments, some of the elements 
may be implemented as a module. According to some 
example embodiments, module may be interpreted as 
Software-based components or hardware components, such 
as a field programmable gate array (FPGA) or an application 
specific integrated circuit (ASIC), and the module may 
perform certain functions. However, the module is not 
limited to software or hardware. The module may be con 
figured so as to be placed in a storage medium which may 
perform addressing, or to execute one or more processes. 

For example, modules may include components such as 
Software components, object-oriented Software components, 
class components, and task components, processes, func 
tions, attributes, procedures, Subroutines, segments of pro 
gram code, drivers, firmware, microcodes, circuits, data, 
databases, data structures, tables, arrays, and variables. 
Functions provided from the components and the modules 
may be combined into a Smaller number of components and 
modules, or be separated into additional components and 
modules. Moreover, the components and the modules may 
execute one or more central processing units (CPUs) in a 
device. 
Some example embodiments may be implemented 

through a medium including computer-readable codes/in 
structions to control at least one processing element of the 
above-described embodiment, for example, a computer 
readable medium. Such a medium may correspond to a 
medium/media that may store and/or transmit the computer 
readable codes. 
The computer-readable codes may be recorded in a 

medium or be transmitted over the Internet. For example, the 
medium may include a ROM, a RAM, a CD-ROM, a 
magnetic tape, a floppy disc, an optical recording medium, 
or a carrier wave such as data transmission over the Internet. 
Further, the medium may be a non-transitory computer 
readable medium. Since the medium may be a distributed 
network, the computer-readable code may be stored, trans 
mitted, and executed in a distributed manner. Further, for 
example, the processing element may include a processor or 
a computer processor, and be distributed and/or included in 
one device. 
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It should be understood that the example embodiments 

described herein should be considered in a descriptive sense 
only and not for purposes of limitation. Descriptions of 
features or aspects within each embodiment should typically 
be considered as available for other similar features or 
aspects in other embodiments. 

Although example embodiments have been shown and 
described, it would be appreciated by those skilled in the art 
that changes may be made in these example embodiments 
without departing from the principles and spirit of the 
disclosure, the scope of which is defined by the claims and 
their equivalents. 

That which is claimed: 
1. A method of organizing an address mapping table of a 

flash storage device based on a Logical Block Address 
(LBA) size, the method comprising: 

identifying an extent of correlation between the LBA size 
and a flash page size, wherein the extent of correlation 
indicates one of greater extent and lesser extent; 

computing a total number of entries in each meta page of 
the address mapping table; and 

organizing the address mapping table with the computed 
total number of entries in each meta page of the address 
mapping table. 

2. The method of claim 1, wherein the computing of the 
total number of entries in each meta page of the address 
mapping table comprises: 

calculating an extent value between the LBA size and the 
flash page size, wherein the extent value indicates one 
of a number of times the LBA size is greater than the 
flash page size and a number of times the LBA size is 
less than the flash page size; 

determining whether each of the entries in the address 
mapping table is maintained based on one of the LBA 
size and the flash page size; and 

computing the total number of entries in each meta page 
based on one of the page size and a size of each entry 
in the meta page in response to determining that each 
of the entries in the address mapping table is main 
tained based on one of the LBA size and the flash page 
S17C. 

3. The method of claim 1, wherein the organizing of the 
address mapping table with the computed total number of 
entries in each the meta page of the address mapping table 
comprises: 

calculating a number of meta pages required to store the 
entries in the address mapping table based on the 
computed total number of entries in each meta page; 
and 

allocating memory to store the calculated number of meta 
pages. 

4. The method of claim 1, wherein data of the LBA size 
is stored contiguously in the meta pages. 

5. The method of claim 1, further comprising: 
maintaining each entry in the address mapping table 

representing data of the LBA size based on the corre 
lation. 

6. The method of claim 1, further comprising: 
accessing the organized address mapping table by one of 

input operation and output operation. 
7. The method of claim 6, wherein the accessing of the 

organized address mapping table by one of the input opera 
tion and output operation comprises: 

identifying an entry representing data associated with one 
of the input operation and output operation, wherein the 
entry is identified among the number of entries; and 
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computing a number of pages to access the databased on 
a size of each entry in the address mapping table and 
the flash page size. 

8. A flash storage device for organizing an address map 
ping table based on a Logical Block Address (LBA) size, the 
flash storage device comprising: 

a plurality of flash arrays that store data; and 
a controller configured to: 

identify an extent of correlation between the LBA size 
and a flash page size, wherein the extent of correla 
tion indicates one of greater extent and lesser extent; 

compute a total number of entries in each meta page of 
the address mapping table; and 

organize the address mapping table with the computed 
total number of the entries in each meta page of the 
address mapping table. 

9. The flash storage device of claim 8, wherein the 
controller is further configured to compute the total number 
of entries in each meta page of the address mapping table 
LBA size by: 

calculating an extent value between the LBA size and the 
flash page size, wherein the extent value indicates one 
of a number of times the LBA size is greater than the 
flash page size and a number of times the LBA size is 
less than the flash page size: 

determining whether each of the entries in the address 
mapping table is maintained based on one of the LBA 
size and the flash page size; and 

computing the total number of entries in each meta page 
based on one of the page size and a size of each of the 
entries in the meta page in response to determining that 
each of the entries in the address mapping table is 
maintained based on one of the LBA size and the flash 
page size. 

10. The flash storage device of claim 8, wherein the 
controller is further configured to organize the address 
mapping table with the computed total number of entries in 
each meta page of the address mapping table by: 

calculating a number of meta pages required to store the 
entries in the address mapping table based on the 
computed total number of entries in each meta page: 
and 

allocating memory to store the calculated number of meta 
pages. 

11. The flash storage device of claim 8, wherein data of 
the LBA size is stored contiguously in the meta pages. 

12. The flash storage device of claim 8, wherein the 
controller is further configured to maintain each entry in the 
address mapping table representing data of the LBA size 
based on the correlation. 
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13. The flash storage device of claim 8, the controller is 

further configured to: 
access the organized address mapping table by one of 

input operation and output operation. 
14. The flash storage device of claim 13, wherein the 

controller is further configured to access the organized 
address mapping table by one of the input operation and 
output operation by: 

identifying an entry representing data associated with one 
of the input operation and output operation, wherein the 
entry is identified among the number of entries; and 

computing a number of pages to access the databased on 
a size of each entry in the address mapping table and 
the flash page size. 

15. A method of organizing an address mapping table of 
a flash storage device based on a Logical Block Address 
(LBA) size, the method comprising: 

determining a flash page size of the flash storage device: 
determining the LBA size; and 
comparing the flash page size to the LBA size; 
wherein when the flash page size is greater than the LBA 

size, the address mapping table is organized based on 
the flash page size, and 

wherein when the flash page size is less than the LBA size, 
the address mapping table is organized based on the 
LBA size. 

16. The method of claim 15, wherein data in groups of the 
LBA size is stored contiguously in meta pages of the address 
mapping table. 

17. The method of claim 15, further comprising: 
accessing the organized address mapping table by input 

operation. 
18. The method of claim 17, wherein the accessing of the 

organized address mapping table by the input operation 
comprises: 

identifying an entry representing data associated with the 
input operation; 

wherein the entry is identified among a number of entries 
in the address mapping table. 

19. The method of claim 18, wherein the accessing of the 
organized address mapping table by the input operation 
further comprises: 

computing a number of pages to access the databased on 
a size of the entries in the address mapping table and 
the flash page size. 

20. The method of claim 15, further comprising: 
accessing the organized address mapping table by output 

operation. 
CE: c: ci: ck i: 


